Objectives: Critical limb ischaemia (CLI) requiring infra-inguinal bypass is a common presentation to the vascular surgery service. A significant number of CLI patients also present with anaemia as a comorbidity, the impact of which is unknown. We reviewed the impact of anaemia on mortality and amputation in patients who underwent infra-inguinal bypass surgery. Methods: Demographic data from all patients who underwent infra-inguinal bypass surgery for CLI at the Flinders Medical Centre & Repatriation General Hospital, South Australia between January 2005 and January 2010 were recorded. Haemoglobin (Hb) level, serum creatinine (SCr) level, mortality and amputation events were also recorded for retrospective analysis. Results: 190 patients (141M, 49F) who underwent infra-inguinal bypass surgery over a 5 year period were analyzed. 100 (53%) of these patients had mild anaemia (mean Hb 113 g/L, mean for females 103 g/L, mean for males 116 g/L). Those who presented with anaemia were more likely to have diabetes and renal dysfunction as comorbidities. Anaemia had a significant negative impact on mortality with 30% deaths in those who were anaemic compared to 15.6% deaths in those without anaemia odds ratio (OR) 1.76, 95% CI: 0.90 -3.48, p < 0.01. This relationship was similar when looking at amputation as an outcome; with the number of amputations in those who were anaemic preoperatively 14% vs 6.7% in those who were not anaemic, OR 2.56, 95% CI: 1.00 -6.54, p = 0.05. The negative impact of anaemia on mortality 43.5% vs 18.8% was also noted in patients who did not have diabetes or impaired renal function as a comorbidity p < 0.05. Conclusions: Anaemia is a common comorbidity in patients presenting with CLI and it predicts poor outcomes after infra-inguinal bypass. The role of transfusion is debatable, but it is clear that this group of patients requires careful management during the perioperative period to ensure they are medically optimized.
Introduction
Peripheral arterial disease (PAD) presenting as critical limb ischaemia (CLI) is increasingly common in an aging population. In a cross sectional study from Sweden, the prevalence of PAD and CLI increases with age, and up to 3.3% of the population aged 80 -84 years old has CLI [1] . Many CLI patients are current or ex-smokers and suffer from multiple medical comorbidities including malignancies, diabetes, impaired renal function and poor nutrition, placing them at a high risk for developing anaemia of chronic disease [2] . Diabetes, renal impairment and smoking are recognized as independent risk factors for poor surgical outcomes [3] - [5] . Anaemia impairs the oxygen carrying capacity of the blood and may impair wound healing leading to increased risk of infective complications and may eventually lead to amputation. It may also impair other vital organ functions and the immune response resulting in increased mortality. Musallam et al. recently described mild anaemia as an independent predictor of increased thirty days morbidity and mortality in a large cohort of patients undergoing major non-cardiac surgery [2] . The unadjusted mortality rate in patients who had any degree of anaemia was six times that of those who did not have pre-operative anaemia [2] .
The impact of pre-operative anaemia on patients presenting with critical limb ischaemia requiring lower extremity bypasses has not been previously studied. The aim of this retrospective case controlled study was to ascertain the impact of anaemia on the outcome of infra-inguinal bypasses in patients with CLI presenting to a tertiary referral hospital in South Australia. ) and included in this retrospective study. Demographic data on age, gender, diabetes, hypertension, chronic heart failure (CHF), ischaemic heart disease (IHD), serum creatinine on admission (SCr) and smoking status (current or past) were recorded. Criteria for diagnosing anaemia were based on the Institute of Medical and Veterinary Sciences (IMVS) Pathology laboratory criteria. A haemoglobin level of less than 135 g/L in males and less than 120 g/L in females is diagnosed as anaemia. End points recorded were major amputation and all-cause mortality. Major amputation is defined as amputation proximal to metatarsal level. Our institution has a policy of preferentially using vein as a conduit for bypass surgery including the use of arm vein prior to resorting to prosthetic bypass with Miller's vein cuff. The exact techniques used during surgery were at the discretion of the consultant surgeon present at the case. Statistical analysis was performed with the assistance of a biostatistician using the STATA statistical software package. Chi-square tests were used to compare dichotomous end points, Kaplan-Meier survival curve was used to compare mortality data and log rank test was used to compare time to major amputation.
Methods

Results
There were 230 infra-inguinal bypasses performed for CLI between January 2005 and January 2010. Forty patients had no follow up information available post operatively and these patients were excluded from analysis. There was no difference in the demographic of those who had incomplete data set compared to those with complete data set. A total of 190 patients with complete data set were analyzed, demographic information is shown in Table 1 . The mean follow-up period was 24.7 months. There was a preponderance of men in our patient population with distribution between the genders being 49 women (26%) and 141 men (74%). Of the patients who presented with CLI 100 (53%) were anaemic. Patients who were anaemic were likely to be older than those who were not anaemic with the average age of the anaemic group being four years older (75 y.o vs. 71 y.o; p = 0.01).
The patients who were classified as anaemic had a mean Hb level of 113 g/L ± SD 14. Females had an average of 103 g/L ± SD 11 and males 116 g/L ± SD 14.
Patients found to have anaemia on admission were more likely to have death (30% vs 15.6 %, OR 1.76, 95% CI: 0.90 -3.48, p < 0.01) and amputation (14% vs 6.7%, OR 2.56, 95% CI: 1.00 -6.54, p = 0.051) as an outcome compared to patients who were not anaemic ( Figure 1 & Figure 2 ). The median time between the patient's operation and their subsequent death was 558 days for the whole cohort, 314 days if they were anaemic, 1043 days if they were non-anaemic. The median time between a patient's operation and subsequent amputation was 78.5 days for all patients who underwent amputation, 78.5 days for those with anaemia and 121 days for those without anaemia.
Subgroup-analysis revealed that the impact of anaemia on patients who underwent infra-inguinal bypass is not limited to patients who had impaired renal function and/or diabetes (n = 105). In patients who did not have either diabetes or impaired renal function (n = 85), the presence of anaemia preoperatively increased mortality (36.1%, vs 12.2%, P < 0.01) but not amputation rate (8.3% vs 12.2%, p = 0.58) compared with those who were not anaemic ( Table 2 & Table 3 ). The presence of diabetes alone did not increase mortality (22.4% vs 23.6%, p ≥ 0.8) or amputation rate (11.6% vs 9%, p = 0.63). Similarly the presence of impaired renal function (SCr > 120 μmol/L) alone did not increase mortality (25.7% vs 23%, p = 0.36) or amputation (11.4% vs 10.5%, p = 0.43).
Subgroup analysis was performed for age but not for gender, as there was no significant difference between genders was demonstrated between the two cohorts. The group who suffered from anaemia was on average four years older, however there was no significant difference in the mortality rate of patients who had anaemia aged 70 years and older (n = 73) compared to those aged less than 70 years old (n = 27) (34% vs 30%, p = 0.66).
Discussion
Our study has demonstrated that anaemia is a common comorbidity in patients presenting with CLI. Fifty three percent of our patients with CLI had anaemia on admission. This is in line with a study published by Shah M. et al. who found that 56% of patients admitted to a tertiary hospital in the United Kingdom for CLI had anaemia [2] . Most of our patients with anaemia as a comorbidity on admission had only mild anaemia (mean 113 g/L ±SD 14).
Our study also showed that patients who presented with anaemia were more likely to have diabetes and renal failure as comorbidities and therefore it could be reasonably argued that the poor outcome is a reflection of their comorbidities. Our findings suggested that anaemia in the absence of diabetes or renal dysfunction also increased mortality rate (36.1% vs 12.2%) during a mean follow up period of 24.7 months (range 1 day -75.6 months). These findings are supported by the study by Elmistekawy et al. who found that preoperative anaemia was an independent risk factor for post operative morbidity and mortality in patients undergoing aortic valve replacements [6] .
Diabetes or renal failure alone in this retrospective study has not been associated with a worse outcome in mortality or amputation rates. This is not consistent with previous studies that have demonstrated worse outcomes in vascular surgery in the presence of renal failure as a comorbidity [3] [7] . The definition for renal dysfunction in our study was serum creatinine > 120 µmol/L therefore a significant proportion (63%) of our patient cohort had only mild renal impairment (serum creatinine 120 -180 µmol/L). This mild level of renal impairment may not adversely affect surgical outcomes. It is likely that more severe renal impairment will negatively impact outcomes. Diabetes in isolation (n = 62) does not necessarily impact on outcome [8] [9] and therefore it is not surprising that diabetes in isolation did not alter our results. Patients with CLI who have both diabetes and renal failure were more likely to have had diabetes for a prolonged period of time with multiple end organ damage, and thus anaemia did not add further risk to the all-cause mortality in our patient population. Age could arguably be a contributory factor to the poorer outcome in patients with anaemia, however our study did not show a significant difference in the mortality rate in patients with anaemia presenting for bypass surgery due to CLI regardless of age (34% vs 30%, p = 0.66).
The pathophysiology of anaemia in patients with CLI is likely to be anaemia of chronic disease. The pathophysiology of anaemia of chronic disease is poorly understood and it is likely to be a combination of pathologic iron haemostasis, impaired erythropoiesis and blunted erythropoietin response [10] . Peripheral arterial disease is a chronic inflammatory state, and this could result in increased sequestration of iron in the reticuloendothelial system and decreased absorption of iron from the duodenum resulting in reduced availability of iron available for erythropoiesis [10] . Various cytokines produced in chronic inflammatory states can also inhibit production of red blood cells through direct cytotoxic effect on bone marrow, induction of apoptosis of erythroid progenitor cells and decreased erythropoietin expression by the kidney [10] . Treatment of anaemia in patients with CLI can be approached from several angles such as transfusion of red blood cells, direct iron supplementation to increase availability of iron for erythropoiesis, inhibition of inflammatory cytokines and erythropoietin supplementation.
Transfusion for anaemia has been extensively studied in the critical care setting [11] . Maintaining a Hb level greater than 100 g/L has not been shown to have superior outcomes compared to a transfusion threshold of 70 g/L except perhaps for those with ischaemic heart disease. Liberal transfusion has been associated with multiorgan failure and increased mortality in patients who are in the critical care environment. Most of our patients only had mild anaemia and it is therefore unlikely that transfusion would change the outcomes in our patient population.
Iron therapy either in the form of oral iron or intravenous iron can be used to increase iron availability for erythropoiesis. Oral iron however is likely to be poorly absorbed in chronic inflammatory state such as severe peripheral arterial disease due to down regulation of absorption in the duodenum. Intravenous iron can also be used to increase iron availability, however this is not always readily available, it is more cumbersome to administer and there is potential for serious allergic reaction. Iron supplementation therapy may be effective and easily administered however there is a bigger concern with iron therapy in patients with CLI. Iron is an essential nutrient for proliferation of microorganisms and tumour cells. Sequestration of iron by the reticuloendothelial system is a natural defense mechanism against infection and neoplasia [12] [13] .
The use of erythropoietin in reversing anaemia of chronic disease has been very successful in chronic kidney disease and to a lesser extent in patients with cancer undergoing chemotherapy. The concern with the liberal use of erythropoietin in patients with critical limb ischaemia is that erythropoietin receptors have been found in several malignant cell lines including breast, ovarian, uterine, prostate, liver, kidney and myeloid cell [10] . The expression of erythropoietin receptors by cancer cells has been linked to neo-angiogenesis and tumor infiltration [14] . The prevalence of malignancy in patients with critical limb ischaemia was 11.5% in a tertiary referral vascular surgery unit in the United Kingdom in one study [15] . The use of erythropoietin in patients with critical limb ischaemia raises concern for aggravating occult malignancy. Erythropoietin may be useful in patients without malignancy, however the time required to thoroughly investigate these patients to exclude malignancy and the effect of erythropoietin on haemoglobin level is only achieved after one to two weeks of administration [16] and most patients with critical limb ischaemia are likely to need urgent surgery, thus limiting the usefulness of erythropoietin.
Conclusion
The presence of anaemia in patients with critical limb ischaemia presenting for surgery predicts poor outcome. Mild anaemia is likely a harbinger of severe chronic disease and this is unlikely to be reversed by transfusion or iron therapy. The usefulness of erythropoietin is limited by the time required for it to have an effect on anaemia as most patients needing infra-inguinal bypasses for critical limb ischaemia require urgent surgery. Its use is also of concern in those with increased risk of malignancy. Careful attention is required to thoroughly investigate these patients and treat their underlying illness and a multidisciplinary and holistic approach should be adopted to optimize their care, so that the best possible outcomes can be achieved.
